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REMARKS 

This RCE i$ filed in response to the Decision of the Board of Patent Appeals and 
Interferences ("the Board 0 ) dated June 11, 2008. Applicant submits herewith an appropriate 
amendment to the claims so rejected and arguments relating to rejections affirmed or newly 
raised by the Board, 

Amendments to Specification 

The specification has been amended to correct a sequence discrepancy in SEQ ID 
NO:l by inserting a nucleotide at the end thereof. The discrepancy is that SEQ ID NO:l 
is described as being a 13mer in paragraphs [0025], [0054] and [0058] of the instant 
specification; whereas the actual sequence listed in paragraphs [0025] and [0054] as well as 
in the Sequence Listing has only 12 nucleotides. 

Applicant respectfully submits that the nucleotide "T H was inadvertently left out from 

the end of SEQ ID NO:l and that such omission is merely a typographic enor. For support, 

Applicant directs the Examiner's attention to the article of Sando and Kool (J. Am. Chem, 

Soc. 124(10): 2096-2097, 2002; previously cited by the Examiner in the Office Actions dated 

April 18, 2006 and October 17, 2006) in addition to the above-mentioned paragraphs of the 

instant specification. The article of Sando and Kool (a copy enclosed herewith for the 

Examiner's convenience) was cited in paragraph (0018) of the instant specification and 

published on Web on February 13, 2002. One of ordinary skill in the art would readily 

know, at the time of the filing of the present invention, that SEQ ID NO:l , which represents 

the sequence of an electrophilic 13mer probe, would have the sequence of 5 f - 

TGT*GGGCAAGAGT-3* as clearly illustrated in the above article of Sando and Kool, in 

particular, Figure 1(b). In fact, in the Rule 132 Declaration that was submitted along with a 
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response filed by Applicant on January 10, 2007, Dr. Eric T. Kool (the sole inventor of the 
present invention) stated that the above article of Sando and Kool described his own work on 
which the instant application was based. A copy of that Declaration is again enclosed 
herewith for the Examiner's convenience. 

In addition, the Sequence Listing on file has been replaced with the substitute 
Sequence Listing enclosed herewith, which corrects the above-mentioned error in SEQ ID 
NO:l. The specification has further been amended by directing the entry of the substitute 
Sequence Listing therein. 

Further submitted herewith are both computer readable form (CRF) and paper form of 
the substitute Sequence Listing, which is also updated using Patentln Version 3.5. The 
statements required under 37 CFR §1.821(0 and (g) and § 1.825(d) are submitted 
concurrently. 

Applicant respectfully submits that the foregoing amendments to the specification 
including Sequence Listing do not introduce any new matter to the application as originally 
filed. 

Claim Status 

Claim 1 has been amended to incorporate the subject matter of claim 15, which claim 
has subsequently been cancelled. 

Claim 23 has been amended to correct an apparent clerical error. 

Claim 28 has been cancelled as being redundant from claim 26. 

Claims 17, 21 and 25 have been amended to refer to the composition of claim 1 , 
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New claim SO has been added to farther characterize that the fluorescence quenching 
leaving group is a dabsyl group. Support for such claim is found throughout the instant 
specification and in original claim IS. 

Applicant respectfully submits that the foregoing amendments do not introduce any 
new matter to the application as originally filed, It is noted that new claim SO falls within the 
scope of the elected invention, which is directed to the product. With the foregoing 
amendments, claims 1-14 and 16-27 and 29-50 are currently pending, among which claims 
16-27 and 29-39 have previously been withdrawn by the Examiner as being drawn to non- 
elected species and inventions as indicated in the second Advisory Action dated March 13, 
2007, 

Applicant notes that claim 15 was previously objected to by the Examiner as 
indicated in the second Advisory Action dated March 13, 2007. The undersigned called the 
Examiner inquiring the reasoning for the objections to claim 15 on March 15, 2007. In her 
telephone message left with the undersigned later that day, the Examiner stated that claim 1 5 
was not rejected as it was not involved in any of the remaining rejections, but it was objected 
to since it depended on rejected claim L It appears that the Examiner would consider claim 
15 allowable if rewritten to incorporate limitations of the base claim. Applicant respectfully 
submits that claim 1 has been amended herein to incorporate the subject matier of claim 15 
and as such, should be allowable. 

Applicant also notes that claims 40-49 were previously allowed in the second 
Advisory Action dated March 13, 2007. 
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Affirmed Claim Rejection - 3S USC §102 

Claims 1-8, 10, 11 and 14 are rejected under 35 USC § 102(a) as allegedly being 
anticipated by Livak et al. (PCR Meth. Appl, vol 14, pp. 357-362, 1995, "Livak"). 
Applicant respectfully traverses this rejection. 

Applicant first notes that claim 1 has been amended to incorporate the subject matter 
of claim 15, which subject matter was previously indicated allowable by the Examiner. As 
amended, claim 1 is directed to a composition comprising a fluorophore compound, which 
comprises a fluorophore group and a fluorescence quenching leaving group selected from a 
dabsyl group, a dimapdabsyl group, an azobenzene-sulfonyl group, an amino 
benzenesulfonyl group, a dialkylamino benzenesulfonyl group, a nitro benzenesulfonyl 
group, a fluoro benzenesulfonyl group, a cyano benzenesulfonyl group, an arenesulfonyl 
group, an arylazo-substituted dabsyl group, and a gold particle conjugated to a sulfonyl 
group. 

Livak teaches a quenched probe of an oligonucleotide with fluorescent dyes at 
opposite ends. In particular, the fluorescent dyes are a fluorescein reporter dye (e.g. 6- 
carboxyfluorescein (6-FAM) phosphoramidite) and a rhodamine quencher dye (e.g. 6- 
carboxytetramethylrhodamine succinimidyl ester (TAMRA NHS ester)). Livak does not 
teach a dabsyl group, a dimapdabsyl group, an azobenzene-sulfonyl group, an amino 
benzenesulfonyl group, a dialkylamino benzenesulfonyl group, a nitro benzenesulfonyl 
group, a fluoro benzenesulfonyl group, a cyano benzenesulfonyl group, an arenesulfonyl 
group, an arylazo-substituted dabsyl group, or a gold particle conjugated to a sulfonyl group 
as a fluorescence quenching leaving group, as claimed in the present application. 

In view of the foregoing amendments and remarks, Applicant respectfully submits 

that the oligonucleotide probe taught by Livak is not the same as the fluorophore compound 
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of the present application. As such, the affirmed novelty rejection over Livak should be 
withdrawn. 

New Claim Rejection - 35 USC SI 02(b) 

Claim 12 is rejected under 35 USC § 102(b) as allegedly being anticipated by Livak. 
Applicant respectfully traverses this rejection. 

As discussed above, claim 1 has been amended to refer to a fluorescence quenching 
leaving group that is a dabsyl group, a dimapdabsyl group, an azobenzene-sulfonyl group, an 
amino benzenesulfonyl group, a dialkylamino benzenesulfonyl group, a nitro 
benzenesulfonyl group, a fluoro benzenesulfonyl group, a cyano benzenesulfonyl group, an 
arenesulfonyl group, an arylazo-substituted dabsyl group, or a gold particle conjugated to a 
sulfonyl group. 

Claim 12, dependent upon claim 1, is directed to a composition comprising a 
fluorophore compound, which comprises a ftuorophore group and a fluorescence quenching 
leaving group selected from a dabsyl group, a dimapdabsyl group, an azobenzene-sulfonyl 
group, an amino benzenesulfonyl group, a dialkylamino benzenesulfonyl group, a nitro 
benzenesulfonyl group, a fluoro benzenesulfonyl group, a cyano benzenesulfonyl group, an 
arenesulfonyl group, an aryla20-substituted dabsyl group and a gold particle conjugated to a 
sulfonyl group, as well as a nucleophilic group. 

Livak, as discussed above, does not teach a dabsyl group, a dimapdabsyl group, an 

azobenzene-sulfonyl group, an amino benzenesulfonyl group, a dialkylamino 

benzenesulfonyl group, a nitro benzenesulfonyl group, a fluoro benzenesulfonyl group, a 

cyano benzenesulfonyl group, an arenesulfonyl group, an arylazo-substituted dabsyl group, 

or a gold particle conjugated to a sulfonyl group as a fluorescence quenching leaving group, 
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Although the purines and pyrimidines in Livak's oligonucleotide probes might contain 
amine groups and amines are disclosed in the instant specification as being suitable 
nucleophiles, Uvak does not teach or suggest the composition as recited in claim 12, 

In view of the foregoing amendments and remarks, Uvak does not anticipate claim 
1 2, As such, the new ground of novelty rejection over Uvak should be withdrawn. 

New Claim Rejection - 35 USC 8103(a) 

Claim 9 is rejected under 35 USC § 103(a) as allegedly being obvious in view of 
Livak. Applicant respectfully traverses this rejection. 

As discussed above, claim 1 has been amended to refer to a fluorescence quenching 
leaving group that is a dabsyl group, a dimapdabsyl group, an azobenzene-sulfonyl group, an 
amino benzenesulfonyl group, a dialkylamino benzenesulfonyl group, a nitro 
benzenesulfonyl group, a fluoro benzenesulfonyl group, a cyano benzenesulfonyl group, an 
arenesulfonyl group, an arylazo-substituted dabsyl group, or a gold particle conjugated to a 
sulfonyl group. 

Claim 9, dependent upon claim 1, is directed to a composition comprising a nucleic 
acid, which comprises a fluorophore group and a fluorescence quenching leaving group 
selected from a dabsyl group, a dimapdabsyl group, an azobenzene-sulfonyl group, an amino 
benzenesulfonyl group, a dialkylamino benzenesulfonyl group, a nitro benzenesulfonyl 
group, a fluoro benzenesulfonyl group, a cyano benzenesulfonyl group, an arenesulfonyl 
group, an arylazo-substituted dabsyl group, and a gold particle conjugated to a sulfonyl 
group, wherein the fluorescence quenching leaving group is attached to the 5' hydroxyl 
group of the nucleic acid. 
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Livak, as discussed above, does not teach a dabsy! group, a dimapdabsyl group, an 
azobenzene-sulfonyl group, an amino benzenesulfonyl group, a dialkylamino 
benzenesulfonyl group, a nitro benzenesulfonyl group, a fluoro benzenesulfonyl group, a 
cyano benzenesulfonyl group, an arenesulfonyl group, an arylazo-substituted dabsyl group, 
or a gold particle conjugated to a sulfonyl group as a fluorescence quenching leaving group. 
Although one of ordinary skill in the art might have recognized the usefulness of probe 
molecules having a quencher dye at the 5* hydroxyl position and a reporter dye at the 3* end 
based on LiYak's teaching that oligonucleotides with reporter and quencher dyes attached at 
opposite ends can be used as homogenous hybridization probes, he or she would not have 
arrived at the composition of instant claim 9. 

In view of the foregoing amendments and remarks, Livak does not suggest the 
subject matter of claim 9. As such, the new ground of obviousness rejection over Livak 
should be withdrawn. 

Allowable Subject Matter 

The Examiner had previously objected to claim IS as depending on rejected base 
claim 1. It would appear that the Examiner considers claim 15 allowable if rewritten to 
incorporate the limitations of the base claim. Applicant notes that claim 1 has been amended 
herein to incorporate the subject matter of claim 15. As such, claim 1, as presently amended, 
should be allowable. 

In addition, the Examiner had previously allowed, in the second Advisory Action 
dated March 13, 2007, kit claims 40-49. Applicant respectfully requests that claims 40^*9 
remain allowed. 
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Rejoining of Non-Elected Groups and Species 

Upon the allowance of product claims of Group I, i.e., claims 1-14 as presently 
amended, Applicant respectfully requests that the method claims of Groups II and 11 J, *.<?., 
claims 17-27 and 29-39, be rejoined for further examination. See MPEP §821.04. Applicant 
notes that claims 17, 21 and 25 have been amended herein to refer to the composition of 
claim 1 . As amended, the withdrawn method claims incorporate all limitations of the product 
claims. 

Also, Applicant respectfully requests that the claims directed to the non-elected 

species be rejoined with the claims directed to the elected species for further examination if 

the Examiner finds the claims directed to the elected species allowable upon considering the 

foregoing amendments and remarks, See y M?B? 809.02(a). 

***** 
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This response is filed timely. The Commissioner is authorized to deduct the RCE fee 
of $405 from Howrey LLP Deposit Account No. 08-3038/12665.0024.NPUS01. Should any 
additional fees be required for any reasons relating to this document, the Commissioner is 
authorized to deduct such fees from the same deposit account. 

Respectfully submitted, 



J.Wendy Davis, Ph.D. 
Reg. No. 46,393 



Customer No. 23369 

HOWREY LLP 
1111 Louisiana, 25 ,h floor 
Houston, TX 77002 
(713) 787-1512 pirect) 

Date: August 11,2008 



Agent for Assignee 

The Board of trustees of the leland 
Stanford Junior University 
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Alexandria VA, 2231 3-1450. 
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Quencher as Leaving Group: Efficient Detection of DNA-Jolnlng Reactions 

ShlnBuke Sgndo and Eric T. Koor 

Department of Chemistry, Stanford University, Stafford, California 94lQ5*5n$0 
Rocsjvad October 10, ?O01 



Reccni cxperimems have described o number of flirategies for 
detection of nucleic acids that involve a change in fluorescence 
micneily or emission wavelength. 1-3 Fluoreaeemce-chonging meth- 
ods have I he distinct advance that unbound probe molecules con 
easiVy be distinguished from those bound to the desired target. Such 
Approaches can be used either in solution or on solid supports, 
whereas static methods often cannot be used in solution, and 
typically require careful washing methods on solid supports. 
Approaches that rely on simple intensity voholion by changes in 
quenching 1 "* have the further advantage of frceino; more spectral 
ranges so thai multiple simultaneous probing con be achieved. 

To date, the number of different quenching -based approaches 
to nucleic acid sensing is limited, Perhaps the most well-developed 
approach is ihai of ''molecular beacons" > which consist of hairpin- 
forming DNAs labeled in the stem whh lluOrOpNore and quencher, 
Binding to a complementary sequence result? in opening of the 
hairpin snd moving of the quencher away from the Ruorophore. 
Beacons can be used in solution or in solid-supported approaches; 
however, their fluorescence change clearly depends on solution 
conditions (temperature, ionic strength) and so one must monitor 
conditions carefully. Moreover, methods that rely on hybridization 
alone are usually not as sequence selective ob some recently 
developed DNA-sensiny methods such as enzymatic approaches* 
or some nonenzymetic automation methods.'-* A few other 
intensity-changing strategies have also been described'' 

Among the most Requencc-«elective DNA/RNA sensing strategies 
is the phosphoroihioate/iodide DNA automation reaction. 69 This 
reaction is dependent on (he presence of an exact complement to 
ihe two probes, ond is more selective than T4 DNA ligflsc in many 
cases* Here we show how, by replacement of iodide with e 
quencher act in g as a leaving group, this approach can be adapted 
for fluorescence unquenching, resulting in a strong signal change 
when iwo DNA strands ere joined. 

The strategy of the quenched amoltgation (QIML) pmbafl is 
simple. A rtsbsyl group activates the 5' hydroxy) as a leaving group 
when a phosphoroihioate nucleophile (from another DNA strand) 
attacks at the ultimate 5' carbon. This reaction is expected to be 
promoted by the presence of a complementary DNA strand, which 
brtng9 the two reactive groups into close proximity. To test this 
approach we selected thymidine io modify with the quencher/ 
leaving group, which is conveniently available commercially as the 
sulfonyl chloride derivative. To ensure relatively efficient quenching 
we placed a standard fluorophorc (a commercial fluorescein CNS* 
alVcnyl conjugate of dU) nearby, m a distance nf three nucleotides 
from |he $' terminus in the quenched elect rnpliilic probe*. These 
IDmer probes were prepared using standard phennxyacetyl base 
protection chemistry io avoid partial loss ofihe dabsyl group during 
dcproicction. They wore purified by HPLC and characterized by 

MALDl'TOf mass spectrometry, These were reacted with 7roer 

* Ti» wimm wrrcvnomlcm'c «l>m!t| Jy ntfd'Cttvil. l ; -mj.H' l«»n|ftt»iiwfiml.ccln. 
^009 VOt I M 14* i. ha .:U)iV - J. am. CHgM. 80C. 



e'emfleoo,; '"fcrocacAAGAof 



«*TaY tCC^CCACCACC*CCCQCQGCQaC:CAC«iCCCCr ICTCACGCGACTC* 



r»t ATTCC^CCACCACCUCCCQeaCCyCCCAC^CCCCt t CTC ACGCOaCTQ • 

Flayr* 1. (a) Strucrurc ofir»c OafrlyWnymidme m/cleaide qtmJ mechanism 
of dohayl displacement- fb) Schematic showing how aunrfigafton of two 
DNA strands on a complementary DNA template (the uulyte) lead* u> 
displacement or ^dobsylatc" and loss or quenching. Sequences arc as shown, 
pnd are taken from the H-rtw prMOOocngcnc. 

probes carrying a phosphorothioate group ai the y lermmus 9 To 
lest for sequence seleciivjcy in a biologically relevant content, we 
chose probes complementary to adjacent tries in the H-roj gene, 
such that the lenown C -* A transversion" in codon 12 falls at ihe 
center of the 7mer binding site. The 7mer MUT probes were fully 
complementary to the C — A mutant (MUT) sequence. Target 
DNAb were 50ni in length and corresponded to the sequence of 
the H-rw gene sense strand. 

Reactions were initially tested in solution, following the ligation 
by gel electrophoresis. Results showed clearly that the airtoligaifon 
reaction proceeded smoothly and with high conversion. Figure 2a 
shows a stained PAGE gel image, revealing ligated product when 
iho target sequence is folly complementary, and no discernible 
product when it is different by one nucleotide. Conversion after 7 
h is estimated at 80% in the fully complementary case. Significantly, 
a fluorescence imago of the same gel shows (Figure 2b) that while 
ihe starting materials are only very weakly fluorescent (due 10 
incomplete quenching by dabsyl), the product band shows robusl 
emission, consistent with a substantial loss of quenching. A faim 
ligated band is also visible just beneath the major produce this we 
attribute to ligation by an (N - l)mer contaminant from DNA 
synthesis. 

We then monitored the same reaction in real time by following 
fluorescence emission at 520 nm (excitation 495 nm) using the 7rncr 
MUT probe (Figure 2c). Monitoring ihe change in fluorescein 
omission showed a large increase in intensify (en. 100-fold, implying 
u W.Q% quenching efficiency ot 520 om Tor the starting probe). 
Varying the tompcrarurc from IS to 17 9 C revealed that the ntc 
reached a maximum near 25 "C, which corresponds to the 
approximate melting temperature of the probes bound 10 1)10 largei 

(dhia not shown). The sequence select ivily of the reaction was 

10.10? ujrtimtt CCC; 192.00 9 7001 Amiricw cnemtcV Socitty 
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500 SSO ADD ABO 

Figure 2 Analyst of dabfyl-nrcdioicd autotipuionft by gel electrophoresis 
ana; fluorescence, (a) Stained gel showing starttno, matcrleJfl and litfotcd 
product-, lane I. no tofyc\, tones 2 and 1, wim MUT end WT icujci s 
rttpccljvcly. Conditio^: 1,3 fifA dabSyl-tobeM Umcr probe, .V9#M Tmci 
MUT probe and iMflci DNA concertirtiirau in a pH 7.0 Tris-boroie buffer 
containing 10 mM MgClj at >7 *C: 0>) fluorescence image of tnc- same 
pel. showing weak fluorcscentc of <H*Cnthcd 1 3ipci probe and strong 
fluOTC*ocncc of Ugated product hAAd; |c) ernistiao spectre ©("reactions with 
MUT and WT DNA &fler 24 h (inici. hmccourec monitored ot 520 nrft). 
Conditions: 1 00 njvf dftbsyMabcicd 1 3mcr probo, 300 nM 7mer MUT probe 
and larger DNa concent rations in a pH 7,0 Tm-borate buffer comainiofl 
10 MfrCh ta 25 K. 

approximately 35-fold based on relative peak areas wjih WT and 
MUT tprgci ON As, resulting in a T- A pair or a T-C mismatch at 
the muiaiion sire in codon 12. The overall rate ohhc reaction wao 
similar to that of previously described iodide-mediated reaeuon*. M 
The S'-dabsyl group, like 5 'iodide, he* ihe odvnnmge of limited 
reactivity (relative to losylaie^ 11 ) under DNA depnotcciion condi* 

fionS, 

Since many receni genetic analysis methods rely on probes 
affiled io beads, slides, and other surfaces, we then explored 
whether this reaction could take place on a solid support This was 
tested by synthesizing a 7mer MUT probo on 90 diameter 
polystyrene beads (1000 A pore size) using commercially available 
reverse (5' — Y) pbospnoramidiies. and placing a 3' phosphorp- 
Ihioate moiety on the final 3' hydroxy) group. A hexAethylcnc glycol 
linker was used io alleviate potential crowding problems nenr the 
polymer surface. Such beads then have the potential io flutollgote 
a IJmer elccirophilc probe to themselves, in the presence of the 
correct mrj$c| DNA, This is expected to result in the beads becoming 
fluorescent, m the dabsyloie jjroup is l09t into solution and the 
nearby fluorescein label loses quenching, 

The solid-phase outoligaiiorts were monitored by imaging under 
a fluorescence microscope. Results showed that the reaction 
proceeds on the polystyrene bends much as it docs in solution 
(Figure 3). At the siart of the react ion the beads are dark and the 
solution shows faint green fluorescence due to a «moll amount of 
emission from the quenched )3mer probe. As the reaction proceeds 
the beads become progressively brighter, reaching half-maximum 
alter en. 20 h. 

ThLse early experiments allow us to conclude that the use of a 
"dabsylaie" leaving group on probes enables facile detection oT 
DNA sirond*joininfc5 reactions. The reaction retains the hi^jh 
sequence selectivity of the autoligution appmach, und proceeds well 
in snlmion or tin a solid support, Like molecular beacons, this 

iniencher/lenvjon fnrmp approach result* in un incrensc in intensity 



Fl0ur* A Oateyl-mediBted automation of DNA* on solid support. 
Photographs show beads after 24 h of incubation with (a) MUT at (b) WT 
target using a dabsyl/fluorescejn I Jmet probe ai 2$ *C. No washing was 
done. Conditioni arc given in the Supporting Information. 

on detection of a complementary sequence, and like that method* 
one cart in principle adapt it to multicolor deiecrion for simultaneous 
(multiplex) sensing of more than one sequence w It should be noted, 
however, that this auioligation reaction is slower than simple 
hybridisation -based approaches, and so is not suitable for a rapid- 
timescale application such as real-time PGR reporting. However, 
the present strategy offers the significant advantage over hybridiza- 
tion that the signal once generated* is permanent and does not 
depend on temperature or buffer conditions, Moreover, DNA 
automation reactions are more sensitive lo stngk-nueleoude 
di (Terences than are most, if not all. hybridization-based approaches. 

Future work will bo directed at applying this unrjuencning 
au initiation strategy to simultaneous mulp'plC'Scqucnce tensing, and 
to cellular imaging of DNAs and RNAs. 
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